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FURPOSE AND ORGANIZATION

OF TH1S REPORT

This final report fulfills the requiremants of Statement of
Work TCN 83-239 dealing with the facsimle transmission of
microforms, Specifically, the report addressas the follawing

taskss

a. Task 1. "Make a compraehensive literature search

MY

covering DoD, other Federal government, and
non—-governmant resources . . .Frofessional literature
in the field mdst be thoroughly coverad, and the search
documanted in sufficient detail, using standard
bibliaographic techniques, that the government may
evaluate the bibliographic work performed.” The result
of Task 1 is presented in Section I of thias report.

b, Task 2. “ldentify and evaluate any ongoing
programs which are developing equipment or techniques
for facsimile tranamission of microforms, ar using such
equipment apaerationally." The result of Task 2 is
praesentad in Section Il of this report.

€, Task I¥. "“Describe and evaluate the questions to
be resolved in raeconstituting the tranamitted images in
microform versus paper copy." The result of Task 3 is
presanted in Section 111, Subsection | of this report.

d. Task 4., "Describe and svaluate the questions to
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Purpose - 2

be resclved in salecting scanning techniques." The
result of Task 4 is presented in Section 111,
Subsection 2 af this raeport.

@. Task S. "Recommend promising avenues of approach
for a future davalopment program by thae ﬁrmy. The
recommendations must relate the cost, spaed of
transmission, scanning technique, resolution, and
difficulty of development of the technology required.
Specifically, the feasibility of devaloping a
sub-minute, three-ninute, or six-minute per page
transmiasion capability must be addressed, with the
arguments for and against sach mode." The result of

Task S is presented in Bection IV of this report.
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SUMMARY OF REPORT CONTENT

This final report is divided into four sections:

SECTION 1 is a bibliographic survey which discusses -
116 published sources dealing with microfacsimile.
These sources include general technolaogical overviews,
specific state of the art reviaws, and case studies
reporting microfacsimile activities in the United

States and foreign countries.

SECTION 11 discusses the evolution of microfacsimile
systems and describes the available product lines of 12
vandors. These vendors are divided into 3 broad '“";*‘*
groups: 1) manufacturers of automated microform storage
and retrieval equipment who offer microimage

transmission as an optional component; 2) system

integrators who implement customized microfacsimile

syastams designad for specific applications; and 3)

companies who manufacture scanners or other componants °
for use in microfacsimile applications. Analysis of 1
available product lines indicates that none of them

meet the requirementa of a straightforward, economical, l o

“"oftf the shelf" device for the transmission of

P Py ¥

microforms among TRALINET library installations. The

majority of available systems provide microfacsimile ]
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Summary - 2

capabhilities as a companent i1in a complex automated
document storage and retrieval system which 1s neither
required nor dasired in the TRALINET application. The
available systems are not desiqQned for long distance
transmission and cannot accomodate a variety of
microform types. If a microfacsimile systam is to ba
usad in the TRALINET application, it must be custom

devel oped.

SECTION I1i, Subsection One recommends the use of
paper output as tha most appropriate and effective
approach for the reconstituting of transmitted images
at the receiving location. It rejects micraoform output
and video display output as too costly and unsujited to

application requirsmants.

SECTION 111, Subsection Two recommends the use of a
solid state microimage scanner operating at a
resolution of 200 by 200 linaes per inch. It further
recommends the digital encoding of scanned picture
elements, thereby permitting the use aof data

compression techniques to speed transmission.

SECTION IV, Subsection One recommends general and
operating characteristics for a standalone

microfacsimile scanner which will transmit microimages

e cama_a o A
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to remcte facsiamile receivarg ovar voice grade
telephone lines using the standard CCITT Group 111
facsimile communications protocol. This microfacsimile
scannar will feature straightforward operation, with
manual microform loading and image pasitioning. No
such product currently exists. Estimated development
costs for a one apaerational demonstration model range
from $100,Q00 to $500,000, depending con desired

features.

SECTION 1V, Subsaection Twa recommends that the
gcanner operate at a resolution of 200 by 200 lines per
inch. It indicates that the development of a
demonstration scanner will be simplified if microform
input is restricted to 24x microfiche -- the most
important format in most library applications. An
analysis of possible transmission speeds racommends the
subminute, CCITT Group 11! protocol as the only viable
option. Three-minute, CCITT Group Il transmission is
judged inappropriate from the standpoint of resolution,
speed, and future product viability. Six-minute
trangmission is dismissed as i{nadequate in resolution

and technologically obsolete.
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SECTION I

BIBLIOGRAPHIC REVIEW

1.1 TECHNOLOGY OVERVIEWS
1.1.1 General Worka

Compared to ather types of information processing technology,
the published professional and trade literature dealing with
microfacsimile is small. A significant percnntqgo of the
litgrature provides a technological overview, discussing the
concept and potential of microfacsimile rather than specific
products or applications. Several books and a numbar of
articles briefly mention the existence of microfacsimile in the
context of a broad discussion of amerging developments in
infarmation dissamination. While the majority of such
publications contain little useful information, Costigan (1971a)
presented the firat camprehensive discussion of facaimile
technology and products, including a brief but informative
saction on microfacsimile which provides both technical
information and a description of operational systems which
raflects the state of the art through the late 1960s. While the
products he describes are no longer available, much of the
teachnical discussion remains relevant and the product
descriptions provide an interesting historical perspective on
the development of microfacsimile technolagy. Costigan (1978)
updates the earlier work and again includes a brief section on

microfacsimilae. Although recent developments in facsimile
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technology -- notably, the development of C.C.I1.T.T. Group III
and emarging Group IV standards -~ nacessitate the updating of
certain sections, it remains the most comprehensive and
authoritative study of facsimile and related document
transmission methodologies. Unfortunately, the brief section on
microfacsimile doas not raeflect the significant developments in
that technologQy since the mid 1970s.

Both of the standard micrographics textbooks ~- Costigan
(1980) and Saffady (1978b) -~- contain briaf sactions on
microfacsimile whach do little more than describe the technolagy
and indicate its status and potential. Saffady (1978) includes
a brief descraptian of microfacsimile in an analysis of
facsimile transmissicn systems for library applications. The
PRC Telefiche system, introduced in 1977, is briafly described,
but because all of these works were published befora the major
equipment introductions of the early 19803 -- they cannot give
an accurate picture of the current state of the art. Saffady
(1981) contains a short section on microfacsimile which mentions
and illustrates several of these newer products in the context
of a discussion of automated office tachnology.

Among other genaral works discussing the broad potential of
microfacsimile without detailed consideration of actual
applications or of technalaogical or other impediments to
implementation, Miller (1981) discusses emerging interfaces
between facsimile and othar technologies, including

micrographics. Neary (1979) and Aaron (1983), both of Eastman
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‘ Kadak. discussaes the potential of microimage transmission as an ]
altarnative to more castlv, computer-based mass storage svetems.

McArthur (1978) and Shepard (1979), both aof 3IM Companv, predict

the futura use of microfacsimile in automated document storage
1 and retrieval svstam. In an clder paper, Hilten (1970) suggests
{ the possible use of then emerging CATY systems for the
transmission of microform materials from libraries to homes. e

[ While impractical at the time, this idea was subsaquently

adopted in the Japanese videoctaxt experimants discussed in a

later subsection. Mevers (1970) likewisa suggests the use of o ;
microfacsimile for the transmission of library materials. A
compilation by Henderson (1949) of papers deliverad at a
National Bureau of Standards conference on storage and . 1
tranamission systems for libraries includes saeveral discussions

of the tranasmission of microform images. :

® <
1.1.2 State of the Art Surveys through 1975
Turning from general works which treat microfacsimile within
the context of broader discussions of micrographics or . -
telecommunications technology, a number of articles and |
technical reports survey the state of the art with respect to
microfacsimile concepts, technology, and available products. - ?
Early surveys, while no longer reflecting the state of the art _ E
accurately, provide valuable historical information which '
®

indicates the succeasas and failures of particular approaches to

systams design. Based on research conducted at Bell Telephone

Py : " . . L
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Microfacsimle I-4

Labaratories, Costigan (1971b) i1s the most informative and
usaful of these early status reports. In somewhat more detailed
fashion than the previously cited Costigan (1971a), it surveys
the state of the art through the 1970, deacribing and
illustrating available products. Anticipating the future
gavelopment of microfacsimile systems, the National Microfilm
Association (1973) joined the Electronics Industries Association
in publishing a standard for the facsimile transmission of
microimages. Costigan (1975) explains the standard”s background
and purpose.

Papers by saveral squipment manufacturers discuss
microfacsimile technology and describe developments in their
particular praduct lines. Jackzon and Jackson (1947): Jackson,
Jackson, and Lariviere (1968)3; and Szabo (1970) describe the
Automated Microfilm Aperture Card Updating System (AMACUS), an
early microfacsimile system developed by Singer Link for
engineering applications. It was, in some respects, a
forerunner of the Versatec IMPRES system discussed in Section
Two of this report. $Szabo (1972), also of Singer-Link, reviews
that company’s microfacsimile research and development
activities, discussing the use of an aperture card scanner to
transnit images of engineering drawings to a Singer M8-5000/46000
COM plotter for recording on microfilm.

In a discussion of automated document storage and retrieval
systems for engineering information, Martin (1970) briefly

describes the Sanders Diebold 500 and Mosler 410 systams, both

od
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of which could be equipped with closed circuit telavision
systems for the ramote transmisgsion of drawings stored on
apertureg cards. The Mosler 410 later became the basis of the
Infodaetics product line descraibed in Section Two. In one of a
series of articles dealing with facsimile technology, Stafford
(1971, 1975) discussed microfacsimile concepts, as well as
products developed by tha Alden Electronic and Impul se Racording
Equipment Company, one of the early leaders in facsimile
technology and the first company to deavelop microfacsimile
systoms as mare or less "off the shelf" producta. An Alden
microfilm scanner, designed to operate in conjunction with a
Kodak MIRAcode retrieval systam, is depicted in Ballou (197%).
Groves (1974) and Shephard (1975) dascribe the design of flying
spot CRT scanners for microfilm applications. Kelly and Torok
(1973) of Bell Telephone Laboratorias discuss magnifying
attachments which allow Picturephone to transmit microfilm
images and other amall cbjects. Szaba (1970) and Gillias (1974)
discusses the development of a mass memory storage device which
an integral microfiche digitizer. A forerunner of tha Harris
MASTAR system noted below, it combined human-readable microform
images with machine-readable digital data recorded on silver
halide film. A patent assigned to Plaessy (1970) describes an
information retrieval system which scans micraofilm strips to
display specifiesd images.

Readar (1970) of Information Utility Systems provides a very

basic discussion of microfacsimile technology. Kamen and

B e
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McDavitt (1969) and Kamen and Jacab (1970) of Comfax o
Cammunicationa Corporation describe the davelopment of a

microfacsimle device which used variable velocity scanning and ‘
white space skipping to transmit document images over ardinary S
telephone linaes at a rate of cne minute per page. Tragay
(1973), also with Comfax Communications, provides a samilar
discussion. Dabrin (1975) aof Faxon Communications presents a
state of the reviaw. Spear (1970) of Scan Graphics Corporation
discusses the potential of microform scanning in micropublishing
applications. Mallander (1969) of Singar—-General Precision
provides an early discussion of the digital coding technigues
which now dominate microfacsimile technolaogy. Tha discussion is .
continued in Mallander (1971a, 1971b) where the advantages of
data compression and various coding technigques are described.
Szabo and Hayden (1970) review the usa of CRT and laser scanners
far the conversion of microfilm images to digital computer
storage.

Among othear state of the art surveys, Tressel, Brown, and
Krahn (1970) discuss the advantages and impediments associated
with the transmission of COSATI format fiche for viawing at
remote locations. Penniman and Traessel (1975) discuss the
potential of microfacsimile for growth in micrographics
applications. A series of studies prepared by the Hatfield
Poltechnic School of Enginearing continue to provide usaful
technical descriptions of facsimile technology. In a report

prepared for the British Library, Barrett (1973, 1974a) presents
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a survay of the state of the art, emphasizing the potential of
microfacsimile for the transmission of scientific and technical
information. He also analyzes resolution requirements for
lagible transmission., Barratt (1974b, 1974c) surveys Japanasa
developments in micrographics and facsimile technology. In a
faasibllity study conductaed for the Naval Oranance Staticn in
Louiasville, McMahon (1975), assesses the technology and
availability of equipnent for the storage, retrieval, and
transnission of engineering drawings, including drawings
recorded on aperture cards. McMahon concludaed that two major
components needed to affectively implement such a system ~— a
documant or aperture card scanner and an output davice capable

of recording imnagas on microfilm -- were not commercially

‘available at the time the study was prepared.

1.1.3 Recent State of the Art Reviaws

The growing interest in microfacsimile’s potential and the
enhancenent of microfacsimile technology since the late 1970s
are reflected in several studies which describe and analyze
microfacsimilae concapts and available products in a more
detailed and useful fashion than the earlier literature. In an
important and informative survey, Walter (1982a) of Planning
Research Corparation presents a :ompr;henstv- and comprahensible
discussion of microfacsimile resolution requirements for
spacific types of business documants and outlines the most

important data compression techniques used in microfacsimile

FORTIY
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h systems. Walter (197%) provides an earliar, less detalled
treatonent of tha sane topic. Walter (1982b, 1982c) presents
similar {nformation within the context of a discussion of the
} patential significance of optical disk technology for the
storage of office documants. He also includes a discussion of
scanning technologies and of high resolution displavs suitable
far dagitized microimagas.

Barrett (1982a, 1982b) is likewise concerned with
microfacsimile within the broader context of a discussion of
optical disk tachnology. He describes the recent product
developments of saveral important vendors and compares microform
transmission technology to optical disk systems, noting the
presant technical and economic uncertainties associated with the

latter. In an earlier study, Barrett and Farbrother (1977)

discuss requirements of systems designed for microimage storage,

retrieval, and transmission and describe a possible system for

the transmission of document images from a microfiche library.
The study proposes system evaluation through a series of
controlled tests dewiyned by a psychologist and designed to -
assess user parformance and fatigue lavels. Farbrother and
Barrett (1979) provides a similar discussion. In other British
studies, Horder (1980a, 1980b) surveys and describes )
microfacsimile systems available in Europa.

In one of the clearest and most informative state aof the
art, Costigan and Burger (1982) provide a good introduction to i )

the various types of components utilized in microfacsimile 1
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systems and dascribe and illustrate some available progucts. In
a feasibility study prepared for the Rome Air Davalopment Center
at Griffiss Air Force Base, McDowall (1979) indicates the
technical faasibility of microfacsimile but questions its high
cost. The report prnsa&ts an interesting and thercugh analysis
of the state of microfacsimile techneloqQy in the latae 1970s.

Its agsumptions concaerning technical feasibilaty have baen
reinfaorced by product developments since that time. Montuschi
and Sagramoso (1980) describe the use of imagae digitizers to
ravise microfilmed engineering drawings in computar~aided design
applicationsa.

Once commonplace, vendor reports describing their
microfacsimile praduct developmants are saldom encountered in
recant professional and trade literature, even though mora
vendors are actively marketing such systems now than at any
previous point in industry hiatory. As an interesting
exception, Redderson (1980) and Radderson and Ralston (1980)
describe the Mass Archival Storage and Retrieval (MASTAR) systam
developad by Harris Corporation’s Govarnment Syatems Group. In
an earlier report prepared by Harris Corparation for the Rome
Air Devalopment Canter, Otten and Nalson (1979) describae a Human
Readable/Machine Readable (HR/MR) Microfilm Mass Memory System
which can record sither documant images or binary data on
microfiche. Up to 6,750 fiche can be stored in a single
automated retrieval unit operating under computer control. Fain

and Gruenar (1979) aof Teknekron Controls Incorporated describe

STy
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the Automated Racords Management System (ARMS) which can
transmit microfiche or othar microform i1mages to display
terminals ar other output devicas. Cohan (1983) describes
microimage tranamission systems marketed in Englana by Antone
Systems. Several articles deascribe scanners aor other components
suitable for use i1n micraofacsimile syastamsa. H:Nan;y (1982)
discussaes the uwae of a an acoustico-optic laser and precision
lenses to scan aicroimages. Boticelli at al. (1975, 1976) of
Epsco Labs summarize a parametric study which presents
spacifications for the developmant of a microfiche transmission
using video display tarminals. Although IBEM is not involved in
microfacsimnile, reports by Potak (1975) and Brown and Smith
(1978) describa the developmant of a solid-state linear scanner
to transmit digitized microimages to a remcte video display.
Dew (1979) describes a hybrid electro~machanical scanning array

and associated computer processor developed for the Air Forcae.

1.2 CASE STUDIES
1.2.1 U.S. Applications

Although seldom successfully implemented, microimage
transmission was a planned component in a number of information
storage and retrisval systems developed from the early f9605
through the esarly 1970s. In a confarance papaer surveying
microfacsimile dcvilopmcnt activities, Laurent (19468) briefly
mantions the FLATTOP microfacsimile scanner, reportaedly

developed for library applicationa by the Department of the

el
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Army, but pravides no gatails. +Ha further noted an interast in
micrafacsimile developmants at Redstone Arsunal. Much €ullar
information is available about Project Intrex, a aseries of
innovative experiments in the dissemination of scientific and
technical information conducted by the Massacusetts Institute of
Technolaogy from the mid 1960s through the early 1970s. Designed
to provide ascisntists and engineers with convenient access to
technical documeants, the project developed a computer—~ass:istad
retriaval systan which was to eventually include a microimage
transniassion subsystem. Knudson and Marcus (1972) outline the
project’s basic technical concepts and proposad microfacsimile
component. Gronemann, Teicher, and Knudson (1947) discuss an
experimental microimage transmissicn subsystem for the display
of text at remote workstationg. The projact’s purposae and scope
are discussed in Scott (196%5) and CGverbhage (19&7). Overhage and
Reint jes (1974) provide the most comprehensive review af its
acccmplishments.

While micraofacsimile systams have baen i1nstalied by American
corporations, published application raports have amphasized
federal government ainstallaticons. Measuraed bv the number of
published reports, the Microfiche Image Transmission Systam
(MITS) developed by the U.S. Navy’s Bureau of Naval Personnasl is
the certainly most publicized of these microfacsimile
applications. Designed to facilitate access to microfiche
records pertaining to over one million naval personnel, system

planning began in the mid 1970s. The original application

ISP WY
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parameters, systems dasign, and justification are discussed in
Hopkins (1977). Endicott, Solarek, and Drake (197&4), Solarak
and Endicott (1977), and Endicott and Solarek (1977) provide
technical details, report the results of praliminary testing,
discuss personnel requirements, and outline costs. Subsequant
reports by French (1981) and Hopkins (1982) describe the further
development of a test system, changes in the original desagn
concepts to take advantages of new technology, and the
implementation of & microfiche output component in which
document images are transmitted to a remote graphics COM
recorder. Shaposh and Hulton (1983) evaluate the MITS
demonstration installation from the standpoint of operators’
perceptions, user acceptance, image quality, and management
considerations. They view the demonstration as successful by
most measures but find any further discussion of widespread
inplenentation prematurae.

Among other federal government agencies, Felton (1979) and
Deakin (1981) describe a computer—assisted retrieval system with

a microfacsimile componant implamented by TERA Carporation at

the Nuclear Regulatory Commission. The system features a

computar-based online index, a specially deasigned microfiche

. -
retriever, and a video transmission system which permits the
rapid dissemination of document images to users at remote J
display terminalas. Peck (1983) dascribas a system, likewise ]
*

designed and installed by TERA Corporation, at the Federal

Energy Regulatory Commission. It combines l6mm microfilm
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storage with a computarized indexing syatam for rapid document
location. Retrieved images are digitizad by a video scanner
and, depending on the user’s prefersnce, transmitted to a high
rasolution facsimilae printer faor hard copy output ar to a
graphics COM recorder where they are recorded on microfiche. To
minimize paper production, requests involving more than ten
pages are routinaely routed to the COM recorder for microfiche
output.

Wilkins (1982) describes the development of the Advanced
Micragraphic Access and Retrieval System (AMARS) by thes U.S.
Army Micrographics Technology Branch. A prototype system was

developad by Teknekron Research (now Intesgrated Automation) for

an installation at the Reserve Components Personnel and
Administrative Centar. The svystenm includes two retriaval

devices containing up to 10,000 microfiche esach, a computerized

document indexing subsystem, and video scanners for ° ]
microfacsimile transmission to high resclution display terminals
or a paper printer. Future plans call for the use of a graphics
COM recorder for microfiche output from transmitted document * )
images.
In a non-government application in the public saector,
Lorenzi et al. (1979) describe the use of a high resolution -
closed circuit television system to transmit health related
information from microfiche to patients and others at the o
’ University of Cincinnati Medical Centar. Carden (1979) )
j describes a large-scale aperture card system with a remote
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transmission componant at Westinghousa.

1.2.2 Japanese Applications

Facasimile transmission has enjoved longastanding and
widespread acceptance in Japan where reliance on 10eaqraphs and
pictorial informatian makes charactaer crianted transmission
methodologiaes impractical. It i1s consequantlvy not surprising
that the Japanese have demonstrated considerable interest in
microfacsimile. In an early axperiment dasigned to overcomne the
starago limitations associated with the computerization of
pictorial information, Okamoto, Atsuya, and Ogihara (1974) of
Fujitsu Laboratories report the transmission of microfilmed
daocuments to high resolution video monitors. Kamei and Maaeda
(1974) discuss the use of a specially dasignaed television camera
to convert microfilm imagaes to digital form for computer
processing. Noting the increased demand for facsmile
transmission of microfilmed documants, Kamada and Kobayashi
(1977) of Nippon Telegraph and Telephona deacribe a scanner
which transmits 14mm and 35mm microfilm images to ordinary
facsimile receivers.

The most widely reported Japanese microfacsimile activities
involve an experimental system develcoped at the University of
Tokyo for the remote tranasmission of visual pattern information
stored on microficha. Using digital coding techniques with data
compression to increase speed, microimages are transmitted to

conventional analog facsimile recaivers where they are
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reconstructed as paper anlargements. The system’s capabilities
have been demonstrated on a data base of pictorial documents
containing archaeological patterns and arabesque and floral
pattern roof tiles. In the first of a series of published
descriptions, Tomiyama, Saito, and Inose (1979) cite the
advantages of microfacsimile concepts for management of documnent
retrieval in scientific and businesa applications. Taechnical
details and a discussion of the damonstration system are
provided in Inose, Saito, and Nakagawa (1980a, 1980b, 1981) and
Nakagawa, Saito, and Ilnose (1980), all of which cite the
potantial of microfacsimile for automated library operations.
Among other Japanesa studies, Horikawa et al. (1979)
describe a system for the tranamission of color images from a
picture file stored on microfiche. The system has a capacity of
7,200 pictures, and the images are displayed on a low resolution
color video monitor. As described by Finley (197%a, 1979b), the
transmission of color microfiche images to ordinary television
receivers is employed in the widely publicizad Hi-0OVIS
interactive videotext expariments in Higashi-lkoma. In one of
the most interesting Japanese® microfacsimile experiments, Ogawa
et al. (1982) describe a systam developad by the Qffice
Automation Systemws Research and Development Laboratories of
Matasushita Graphic Communication Systema. It parmits the
automated retrieval of up to 30,000 document images stored on
nicrofiche and their remote transmission to a high resolution

video display tarminal or to a facsimile printer using the
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F standard C.C.1.T.T. Group Ill facsimiie communications protocol. °
Hard copy ocutput up to the B4 international size i1s possible.
A8 an indication uf likely future Japanesa directions in
miniaturized docunent storage and transmission, lzawa and
Nakavama (1980) describe an optical disk recocrding and image

transmiesion systam davaloped by Toshiba.

1.2.3 Applications in Other Countries
Sevaral cldar studias raport German intarest in
microfacsimile technolagy. Schaon (1970) describes an

experimental system develaoped by Siemens for @ngineering

applicaticns. Koch (1974) and Rupp (1977) describe the TELEVIT
video communications system develaoped by Telefunken and intended
for the transmission of data and documents 1n closed
cammunicationg netwarks. Based an the BSG-15 Videophone which
can reproduce images in accordance with either broadcast
television standards or high resolution requirements, TELEVIT
was dasigned to permit the transmission of document images from °

centralized microfilm files to office workstations.

Russian interest in microfacsimilae systams is raflected in
an.article by Karbachinaki; and Antonenko (1975) which survays °
recent developments in image transmission technology. Ishutinov |
ot al. (1975) describa a computar—aided dasign system which can
transmit document images stored on microfilm cassettes to ramote ®
terminals. The operational status of the system is difficult to

determine. Kan et al. (1977a, 1977b) and Brodolin (1972) 1
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suggest the use of scanning electron microscopes as an
alternative to other optical systams for the transmission of
images +from micrafilm.

In Great Britain, wWindrum (1981) describes a closed circuit
televisian asyastam for the transmission of documant inages stored
in hard copy or on microfilm. Earlier studies by Brooks et al.
(1972) and Davey, Harris, and Loken (i974) describe the Oxford
Precison Encoding and Fattern Recognition (PEPR) systam which
used a specially developed CRT to scan microfilmed
meteorological charts. Bargsten and Zetterberg (1978) indicate

plana to incorporate microfacsimile capabilities within an

axperimenal video comaunication network planned in Swaden.
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SECTION II
AVAILABLE MICROFACSIMILE SYSTEMS

2.1 INTRODUCTION
2.1.1 Early Microfacsimile Praoductsa
As indicated in the preceding section, cperational

microfacsimile systems date from the early 1960s. Through the
arly 1970s, several companies introduced automated microform
storage and retriesval systems with an image transmission
compenent. samples designed for the storage, retrieval, and
transmission of aperture cards in engineering applications
included the Magnavox DARE system, the Sanders Diebold 500, and
the Mosler 410. Alden introducaed a microfacsimile systam
designed to interface with Kodak MIRAcode equipment, and Image
Svstems implemented a claosed-circuit television subsystem for
its automated microfiche retrieval unit. Planning Research
Corporation and Dymat Phaotomatrix developed a microfiche
transmission system at Randolph Air Force Base. In a simpler
approach invelving the manual micraform selection and loading,
Comfax Communications, Faxon Communications, and Telemechanics
Incorporated (Microphax) demonstrated straightforward scanners
designed to transmit microfilm imagaes to remote printaers.
Qutside of the United Btates, sinilar product developments were
undertakan by Japanese, German, and British cospanies.

While thase sarly systems demonstrated the technical

foasibility of remote transmission of microimages, none of them

PR
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ware comnarcially successful. Of the vendors listed above, only
Flanning Research Corporation continuas to be actively involved
with microfacsimile. For the most part. user acceptance of
early microfacsimile systems and concepts was limited by several
significant impediments:

a. The majority of marly microfacsimile systems were
developed on a one-of-a-kind basis for specific
applications at high cost, and many of them were only
cperational on an sxperimental basis designed to
demonstrate technical feasibility. Among the vendors
listed above, only Alden advertisad its microfacsimile
systen as commercially availabla. While prototype
models wera routinely demonstrated at micrographics
conferences and related trade shows, prospective users
were too often confused about the availability and
viability of microfacsimile products.

b. Product viability aside, the potential
microfacsimile market is significantly narrowed by the
ease with which microforms can be duplicated for
distribution to remote locations in anticipation of
need. As an alternative ta maintaining a centralized
collection of microimages to be transmitted to remote
workstations on demand, micraofilm and microfiche
cellections can be inexpensively duplicated for
decentralized storage at multiple locations.

€. Through the mid 1970s, facsimile technology in
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ganaeral suffered from low user acceptance which was

largely attributable to the limited performance and

unreliability of available aquipment.
d. In the early to mid 1970s, the information
processing industry emphasized data storage and

retrieval, giving relatively little attention to the

document collactions which microfacsimile systems arse

designad to manage. The computer industry in

particular viawed documents as “transitional®

information carriers which would sventually be raplaced

by the development of large~scale, online data storage

systens.

Taken together, thase factors sffectively stifled user
awareness of and interest in microfacsimile. While a number of
interesting experiments were conducted during this period, few
infaormation syastems analysts viawaed microfacsimile as a viablae

option for the broad spectrum of document retrieval applications.

2.1.2 Rucent Product Developments

Baginning in the late 1970s, some significant changes in
information processing technology and information management
practice stinulataed renewed interest in the potential of
microinage transmission. These changes included:

a. An emphasis on the productivity of office
workers, highlighted by an intense interest in office
automation and growing awareness of the amount of time

wasted in document retrieval and dissemination;

PERS RN




N~

Lgn g

P

Microfacsimile I1-4

b. Reneawed awarsness of the importance of documsnts,
couplad with an interest in centralized storage,
retrieval, and dissemination systems comparable to
those available for computer-maintained data bases)

c. Bignificant impraovements in facsimile technology
-~ especially the intraduction of digital systems using
data compression techniques to isprova transmission
speed and tha davelopmant of astandards to perait
communication between machines of different
manufacturers - with resulting significant increases
in user acceptances

d. New developments in communications technology —
1ncludihq the proliferation of terrestrial aicrowave,
satellits, and coaxial cable facilities —— which could
provide the wideband communication links required for
high speed, high resolution microimage transmission;

®. Increased awareness of the role of video
technology and video transmission, including video disk
and videwoconfersncing systems, in businass)

f. The growing size of microform collections, with
resulting high duplicating costs associated with
distribution to remote points in anticipation of
demand; and

9. Most important, the davelopment of commercially
available microfacsimile systems from a growing number

of vendors.
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E

k During the late 1970s and marly 1980s, the nunber of vendors T e
involved in the development and implementation microfacsimile

systems and related products increased significantly. For

P purposes of this report, these vendors can be divided into thrae T e
broad groupsi

a. Manufacturers of automated microform storage and

}
b

retrieval equipment who offar microfacsimile as an e
gptional componant in a computer-assistad retrisval
systam. Examples include Access Corporation and Ragan
Information Systeas.

b. System integrators or systen contractors who
implement customized microfacsinmile systems designed
for specific applications. While these syaten °
integratars may have designed special video scanners,
retrieval units, display terminals, or other camponants
for use in microfacsimile applications, thay typically
specialize in the developmant of hardware and software
interfaces designed to link squipment manufactured by

other companiss. Tha system integrators often purchase

components from ona another, and their system

developaent efforts may consequently prove similar.

The systen intagrators typically implament

{ nicrofacsimnile as a component in a large scale documant

L storage and retrisval system which combines computer,

T nicrographics, and telecommunications technologies. As - ®

a groups they have been responsible for the most
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h complex and widely publicized microfacsimile system
inplamentations. Eitamples of system integrators
include Integrated Automation. Omex Corporation,
? Planning Research Corporation. and TERA Corporation.

c. Companiess which manufacture video scanners, high
resolution video displavy terminals, or other components
suitable for use in microfacsimile applications. These
companiaes offer discrete components rather than

self-contained microfacsimile systems. While thay may

provide slectrical interfaces to computers or other

control devices, the softwarw intarfaces which are

crucial to system implemantation remain tha customer’s

responsibility. Thasa caompanies sell their products to

system integrators and to snd users interested in

customized system development. In some cases, thay

also function as system intagrators undertaking special

product developmant work. Examples of these companies

include Dx>tacopy, Eikonix, and Terminal Data

Corporation.

Tha following subsections identify and describe the product
lines and/or systam integration capabilities of vendors
currently involved with mnicrofacsimile. Using standard industry
sgurces., every attempt has beea made to identify all active
vendors and obtain appropriate information about their current
microfacsimile activities. Attempts to cbtain information about

the Harris MASTAR system were unsuccessful, but it is adequately
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dascribed in various publications preaviously cited in Section
Ona. Both Eastnan Kodak and the 3M Company, the two leading
vandors of micrpgraphics products. have discussed the
possibility of marketing microfacsimile systens, and the 3M
Cumpany has demonstrated such a system in prototyps. But since,
neither of thase companies currently offers microimage
transmiasion products, they are onitted from this discussion.
Vendors are preasented below in alpbabetical order. The
discussion cutlines the nature and extent of esach vendor’s
microfacsinile activities. If special products or complete
system configurations are involved, they are described. The
vandor survey is followed by a collactive analysis of the

suitability of available systems for tha TRADOC application.

2.2 VENDOR SURVEY
2.2.1 Access Corporation

Access Corporation (4815 Para Drive, Cincinnati, Ohio 45237)
is a manufacturer of large capacity automated document storage
and retriesval systems for index cards and flat microforms,
including microfiche, aperture cards, and microfilm jackets up
to S by 8 inches in size. Access offers two storage modulas --
the System 40 and System M -—- together with various supporting
devices. The two modules differ in capacity but share certain
basic :ompén.nts. Both store microforms snclosed in special
transparent carriers which are notched with an alphanumnaric

identifier. These carriers are placed in random order in

— = v~
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specially designad trays which are, in turn. placed in an
electromechanical swmlector unit which automatically identifies
and partially ramoves those carriers which correspond to
ratrisval requests entered at the systen’s keyboard. The Accass
System 60 can contain approximately 20,000 microform carriers.
Access System M is a high capacity storage device which can be
configQured for 20,000 to 200,000 microfarns. In either case,
the entire file is searched in parallel and retriesval requires
only a few seconds. 1{ desired, the selector mechanism can
operate under computer control, and Access offers several
turnkey computer-assisted retrieval (CAR) configurations for
this purpose. Tha Access Integrated Dacument Control System
(1CDS) is designed for ordinary business documents. The Access
Drawing Control System is designed for engineering applications.
These turnkey configurations feature a minicomputar, related
peripharal devices, and indexing and retrisval software.
Whether operated as components in a turnkey system or as
standalone devices, tha Access storage maodules merely eject the
retrieved microform from the file. The operator must manually
carry it to a reader, reader/printar, or other display device.
For automated image dissemination, the Access 2010 is a version
af the Integrated Document Control System which includes a
microfacsimile subsystem. The Access 2010 is a turnkey
computer-assisted retrieval system designed for high capacity
storage, rapid retrieval, and "closad loop" caontrol of document

images recorded on micraofiche. In the manner described abave,

adbronlonadlh,
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i the Access 2010 selactor unit retriesves a reaquested microfiche. ) °
But rather than merely ejecting it from the file, the Access

2010 autonatically conveys the microfiche to an integral

* solid-state video scanner. The scanner, which is manufactured e
by Terminal Data Corporation (sae the discuasion later in this

saction) digitizes the microform imaga for remote transmission

to facsimile printers, high resolution video tsrminals, or a e
graphics COM recordar. A magnetic disk sarves as a buffer for

the digitized image. The Accass 2010 requires diazo microfiche

duplicates, producaed in the NMA Type-1 standard 24x format on a o

Tarminal Data Corporation DocuMate 11 microfilmer or equivalent

device capable of recording a bar-coded identifier.
The Access Aparture Card Video Transmission System (ACVTS) “' 1
is a special version of the Access 2010 designed for engineering
applications. The operator, working a remote terminal, submits
a retrieval request, identifying a desirsd drawing by number ar | 1
othar parameters. The raquasted aperture card is selscted from
the Access storage unit, delivered to a video scanner, and
digitized for transmission to a high resclution video terminal 1

equippad with such special features as panning and zooming.

2.2.2 Antone Systaens

Antone Systems Limited (11 Cabot Lane, Creekmoore, foole,
England BH17 78X) is a system integrator which acquired the
microfacsimile product line of Stabletron Limited, a now defunct

company involved in microimage transmission during the 1970s and
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sarly 1980s. Like most system integrators, Antone Systems
offers microfacsimile as a componant in a turnkey
camputer-assisted retrisval systen with sminicomputer hardware
plus document indexing and retrieval software. S8Specific
hardware and software characteristics of the CAR subsysten will
vary from application to application, and the document indexing
and ratrieval software {5 reportedly available for separatas
sale. As is customary with system integrators, Antcne tailcrs
its equipnment configurations to individual application
requirenents.

Antone’s microforn retrisval and transmission subsystem
utilizes components manufactured by Terminal Data Corporation.
A central storage module (the TDC Scrollfile, described in a
later subsection) can contain up to 400,000 document images on a
continuous reel of 105mm diazo microfilm caontaining uncut
microfiche. These diazo duplicates are made from masters
produced on a TDC DocuMate 11 or other step-and-repeat canera.
Alternatively, Antone Systems offers a desktop document scannar
which can be usad for fiche production. Regardless of the
production methodology utilized, the requirement for uncut fiche
on 103mm diazo film stock limits the system’s applicability to
existing microform collections. Antone does offer an option
which can accept manually inserted cut fiche, but roll
microforms cannot be accomodated. As an additional option,
aperture card images can be converted to 105mm microfilm for use

in the system.
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Up to five storage mcdules can be containad in a single
equipment rack for a total capacity of 2,000,000 pages. Images
identified by the computer-assisted retrieval systam are
automatically located, extracted from tha appropriate storage
module, and positioned for scanning by an image digitizer which
consists of a solid-state CCD array operating at a resolution of
200 by 200 lines par inch. Digitized images are recorded on a
magnetic disk which sarves as a temporary buffer for video
display terminals and printers. For soft copy output, Antone
Systens utilizes the TDC Videsomate terminal, a high resolution
CRT device which features an 8.5 by 11 inch (letter-size)
screen. Tha display resolution is 200 by 200 lines per inch or
2,200 harizantal lines of 1,720 picture elements esach. When
squipped with an optional alphanumeric character generator, the
Videonate terminal can operate as a single workstation for both
index searches and docuasnt viewing.

Where paper output is desired, Antone Systens offers an
®lectrostatic printer which can produce letter cr legal size
copies at a resolution of 200 by 200 lines per inch. When
connacted to the microimage transmission unit by a coaxial

cable, the print speed is approximately 10 seconds per page.

2.2.3 Datacopy
Datacopy Corporation (1070 East Meadow Circle, Palo Alto,
California 94303) is a manufacturer of image digitizers for a

wide variety of applications, including document transmission,
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emlectronic publishing, and industrial inspectioaon. Unlike
Access Corparation and Antone Systems, Datacopy does not offer a
self-contained microfacsimile system but instead nanufactures
components which can be used in custom—-developed microimage
transmission systema. The most important of these components is
a solid~state scanner which resembles an averhead planetary
microfilmer with a digitizing camera mounted on a vertical
column positioned perpsndicular to a flat copvboard.
Configurations are available for the scanning of either paper
documants or microfilm, and microfacwsimile is listed as a
possible application in Datacopy product brochures.

Datacopy scannsrs are deliverad with a SOmam Nikon lens as
standard squipment. Other lensaes are optionally available.
Resolution varies with the model. Model 322, which is most
suitable for microfacsimile applications, operatas at 200 by 200
lines per inch or 1,720 horizontal lines by 2,592 picture
slenants. Model 320 operates at 1,280 horizontal lines by 1,280
picture eslements, and Model J12 operates at &40 harizontal lines
by 440 picture slaments. The ability to encode up to 256 shades
of gray per picture elanant makes the scanner suitable for use
with graphic as wall as textual documents.

Datacopy sells its scanners as discrete components to be
used with a customer’s own control slectronics. Alternatively,
Datacopy can provide several control options or deliver complete
systems designed to interface with the most popular computers.

The scanner produces an unprocessed signal representing the




w4

B

Microfacsimile I11I-13

light refleactance values of successively encountered picture
elements in the subject copy. A computer ig required to process
the signal prior to transmission to ramote video displays or
printers. The scftware regquired to link thase components must
be developed by the customer or a system contractor. Datacaopy
doas, howaver, offer interfaces to Versatec printer/plotters.

In additiocn to the scanners described above, Datacopy
manufactures a high resolution video monitor suitable for use as
a "soft copy" ocutput device in custom—davelopad microfacsimile
configurations. It is available with either a 15-inch or
19-inch (diagonally measured) scraeen in sither a portrait
(vertical) or landscape (harizontal) orientation. In the
vertical orientation most usaful for microfacsimile
applications, the display raesolution is 2,200 horizontal lines
by 1,728 picture alements (nominally, 200 by 200 ptéturl
elenents per inch). A direct interface is provided for
connection to a the Datacopy model 322 scanner. Interfacas are
also available for the most commonly sncountered computer

aystems.

2.2.4 Eikonix

Like Datacopy, Eikonix Carporation (23 Crosby Drive,
Bedford, Massachusetts 01730) is not a vandor of turnkey
microfacsimile systems but a manufacturing and engineering
company specializing in image processing technology. Its

products include image digitizers, plotters, and related items.

PPN
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None of these products are designed specifically for microimage
transnission, but saveral of then can be usad as components in
custon-developad microfacsimile systems. In addition to its
standard product line, Eikonix has designed customized
digitizers and image processing systems for a wide variety of
applications. Examplas similar to microimage transmission
include the digitizing of x-ray photographs in medical,
coanstruction, and petroleum engineering applications; the
scanning of autoradiographs in medical research;i and the
digitizing of maps for computer processing.

The standard Eikonix product of greatest relevance to this
discussion is the Model 78/99 EikonixScan, a general purpose
image digitizer suitable for use with transnissive or reflective
subjects. It is a solid—-state device which utilizes a
photodiode array cperating at a standard resolution of 2,048
horizontal lines by 1,728 picture elements (nominally, 200 by
200 picture elements per inch). Optional resolutions include
3,000 lines by 1,728 picture elements; 2,048 lines by 2,048
picture elementss and 3,000 lines by 2,048 picture slements. To
encode gray scale information in pictorial applications, up to
12 bitl can be used to represent sach picture elesmants.
Scanning speed ranges from 5 to 40 seconds per page, depending
on the amount of gray scale information.

In its standard configuration, the EikonixScan camera is
mounted on a vertical column in the manner of an overhead

planetary microfilmer. Film stages, roll film transports, and

ah
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other accessories are available for microfacsimilae applications.

For the effective scanning of microferms and other transmissive

subjects, Eikonix offers an aoptional workstation equipped with a

special illumination system. In its standard confiquration, the

Eiknnix?can is equipped with a S%mm Nikon lens. Other lenses
ara opticnally availabla.

The EikonixScan is not a standalone davice but is instead
designed to operate with a host computer. Eikonix offers
interfaces to Digital Equipment minicomputers. Alternatively,
the scanner can be equipped with an integral microcomputer
consisting of a Motorola MC48000 microprocessor with 32K or
random-access nemory and 44K of read-only memory. The
microcomputer includes four slots for the addition of signal
procassing function boards such as a display controller or a

data compression board.

2.2.5 Infodetics

Infodetics Corporation (1341 South Claudina, Anaheim, CA
928035) was one of the first companias to offer video-basad
documant transmission as a componant in an automated microform
storage and rqtr!.val system intended primarily for engineering
applications. Infodetics® primary product is the Model 410
retrisval system, a large-scale, random-access storage device
for aperture cards. Based on a retrieval unit originally
designed by Mosler, the Infodetics 410 consists of two parallel

walls which together hold 2,000 specially designed cartridges.

S Al e e i ot
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ul Each cartridge may contain as many as 100 aperture cards for a e
L total module capacity of 200,000, Under computer control and on

E recaeipt of a retrieval command, the appropriate cartridge is

‘h selected from thae storage module and deliversd to an " e
* input/output pert. From there, tha cartridge is shunted to a

selector mechanism which extracts the indicated aperture cards

for display, duplication, or other processing. Cards to be L4
ﬁ stored in the Infodetics 410 file module nust be specially coded

with identifying notches. For high volume installations, the

capacity of the basic module can be mxpanded to more than

10,000,000 apaerturas cards. A low volume storage unit, with

capacity for 50,000 cards sxpandable to 100,000 cards, is also

o

available.
The Infodetics 410 can operate as a standalone microform
storage and retrieval unit or as a component in Infodetics’
CADMAC (Computer Assisted Document Managemant and Control) 410 ¢
Systen. A typical CADMAC 410 configuration consists of computer
hardware, docunmant indexing and retrieval software, and one or
more microform storage units. In its standard mode, the ° E
Infodetics 410 -- like the Access Corporation retrieval units v :
described above ~~ aperates as an aperture card selactor. Cards
retrieved by the unit must be manually taken to readers, * ]
reader/printers, or other devices. Infodatics offers interfaces
which will automatically deliver retrieved aperture cards to a
duplicator or an enlarger/printar. Alternatively, cards can be - * l
delivered to a video scanner for transmission to remote
3
° ]
1
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workstations. While sarlier Infodetics squipment configurations
utilized conventional analoqg video cansras for this purpcse,
newsr installations feature a solid-state image digitizer
operating at a resolution of 200 by 200 lines per inch. The
digitizer will scan drawing inages up to E-size and produces
output compatible with commonly encountared digital plotters.
Infodetica itself offers several electrostatic printers which
operate at resolutions of 200 by 200 lines par inch. I¢
desired, the video scanner can be configurad for the manual
insertion of aperture cards.

Digitized drawing images can be transmitted to remote
display terminals or printers. For "soft copy" output,
Infodetics offers a 19-inch (diagonally measured) graphics
display terminal which offers resalution of 100 lines per inch.
It 18 available in two models which are identical in appearance
but diffar in internal memory capacity: 1) model 819 offars
sufficient internal memory to accomodate digitized images of
E-size drawingsy 2) model 219 has a smallar internal memory
capable of storing drawings up to C-size. Model 219 displays D
and E-size drawings scaled to C-size. Both models offer zoom
capabilities which permit the magnification of specified areas
of a drawing. When configured with an optional character
ganarator, both models can likewise operate as Dasher 200
alphanumeric terminals.

Infodetics computer and workstation componenta can be

interconnected via coaxial cable, fiber optics links, or other
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communication facilities. o

2.2.6 Integrated Automation

Formerly known as Teknekron Controls Incorporated, o
Integrated Automation (2121 Allaton Way, Berkeley, CA 94704) is
2 system i1ntegrator specializang in the davelapment of large
scale, automated docweent storage and retriaval systens. One of e 1
the best known and most experienced of system integrators,
Integrated Automation has been involvad with microimaqge
transmission since the late 1970s and has daveloped and V‘W .
installed systems for tha U.S. Army Reserve Components Personnel

and Administrative Center, Detroit Edison, Power Authority of

- e s

the State of New York, Texaco, Washington State Department of L
Labor and Industries, and the Kingdom of Saudi Arabia. Recent
projects have emphasized the use of optical disks rather than

micrographics technology, the most widely publicized of these

sk M. e sma_ atnaia-a

baeing a materials preservation project at the Library of
Congress. Integrated Automation is also implementing an optical
disk storage system for the French Ministry of Communications
and Postal Affairsa.

Being customized for particular applications, nicrofacsimile
configurations developed by Integrated Automation arae highly f
varied. Microfacsimile is typically one companent in a
computer-assisted retrieval system which provides document
indexing and retrieval capabilities. Integrated Automation can

develop microimage systems for microfiche, roll microforms, or
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aperture cards, depanding on application requirements. Early ®
installations utilized the Image Systemns. retrieval unit for
microfiche. In the marly 1980s, Integrated Automation developed
a special storage and retrieval unit with a 10,000 microfiche e
capacity and an integral, sclid-state imagQe digitizer.
Resolution of 200 by 200 lines per inch is adequate for most
applications. Where required, Intagrated Automation can provide )
resolution of J00 by 300 lines per inch.

There is likewise considerable variety in cutput devices.
Depanding on application requirements, Integrated Automation has °
utilized high rasolution video display terminals, high speed
printers, canventional facsimile receivars, and/or graphics COM
recaorders. Microforms designed for storage, retrieval, and f“;“fﬂ

transmission can ba created by ordinary cameras. Alternatively,

Integrated Automation can provide document scanners which

transnit digitized document images to graphics COM devices for
recording on roll film or microficha.
2.2.7 OQOmmex Corporation ¢
Omex Corporation (2323 Owen Street, Santa Clara, CA 93051)
is a system integrator specializing in the development and
implenentation of high capacity automated document storage and -0
retrieval systems, sone of which include a microfacsimile
component. Like Inteqgrated Automation, Omex is interested in
the use of innovative optical recording mataerials and has -
developed an cptical mass memory unit which stores digitized
®
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docunent inages cn glass slides nounted in an automated
retriever. Raported aystem capacity is 800 billion bytes.
As with most system intaegrators, Omax”s microfacsimile
systens are typically implementad within the context of a
conputer-assisted retrieval systen which includes computer
hardwarae, computer software, and micrographicas gquipment.
Specific computer hardware and data management software
configurations are tailored to particular applications. A

typical configuration consists of a minicomputer, multiple

11-20

alphanumeric terminals, printers, and hard disk storage devices.

Currently, Omex is using a 14mm microfilm storage and retrieval

device manufactured by Ragen Information Systams (to be

discussed in a later subsaction). This unit includes a

solid-state image digitizer which can transmit microimages to

video display taerminals or printers. For "soft copy" output,

Omex offers a graphics display terminal with a resolution of 100

by 100 lines per inch. Whaen squippad with a character

generator, the terminal can also operatae as a conventional

alphanunmeric diaplay device. For hard copy output, Omex offers

electrostatic facasimile printers capable of operating at 100 by

100 or 200 by 200 lines per inch. It can producs copies

measuring up to 8.5 by 14 inches. The ratad printing speed is S

pages per minute.

—-——
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2.2.8 Planning Resaarch Corporation

PRC Governmant Information Systems (1500 Planning Resesarch
Drive, McLeaan, VA 22102) is a system integrator specializing 1n
the development of customizad microfacsimile aystems for
particular applications. It is perhaps bast known as the
developer of the Telefiche systam. While the term Telefiche is
often used to rafer to equipment developed by PRC for microfiche
transniassion, the term is actually a marketing designation which
refers broadly to the company’s digital imaging technoloagy. PRC
is a systems contractor rather than a hardware manufacturer,
and, like other system integrators, it has implementad systems
utilizing components fron a varisty of manufacturers. Its
microfacsimile capabilitias are not limited to microfiche but
extend to roll aicroforms as well. Telefiche systams are
customized for particular applications and range from
straightforward microfacsimile installations to complex
computer-assisted retrieval systems in which microfacsimile
serves as a document delivery component. In the latter
category, PRC has developed a complex data managament software
package called the Intelligent Query System (IGS).

PRC was the contractor for the Navy’s Microfiche Inage
Transmission System (MITS) described in Section One of this
report. It has also installed saveral systams in the private
sactor. As noted above, PRC was involved in the development of
the Microfilm Information and Dissemination Systam (MIDS) at
Randolph Air Force Base during the 1970s.

[ ]
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Anong the microfacsimile componants specifically developed
by PRC, an lmage Acquisition Unit is an image digitizer for 24x
or 48 microfiche. It permits the manual insertion of one to
ten fiche and can operate as a straightforward microfacsimile
device designed to scan microform images for transmisuion to a
specifiad remcte workstation. The standard rasolution i1s 200 by
200 linaes par inch, although PRC now wuffers rasaolution
capabilities of 300 by 300 lines per inch. Unlike some cther
scanners which will only operate effectively with specific film
stocks, the PRC unit can actionodate silver, diazo, or vesicular
microfiche in various thicknesses. Where automated film
handling is required, the Telefiche scanner can be configured
with microfiche retrievers, roll film retrieval devices, or
aperture card retrieval units. Whether film handling is manual
or automated, the Image Acquisition Unit is connected to a
system control procassor which performs any required data
comprassion and provides high speed data 1inks and disk storage
which serves as an image buffer.

For use at remote workstations, PRC offers a choice of
seaveral display terminals, including a graphics video monitor
with resolution of 200 by 200 lines per inch., PRC also offers a
dual ~screen workstation which comhines a graphics video monitor
with a canventional alphanumneric display. The workstation is
microcomputer controlled and is capable of standalone word
processing and other aoperations. The graphics display measures

1S5 inches diagonally and features zoom capabilities. For hard
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copy autput, PRC offers a high spaed aelectraostatic printer or a o

low speed facasimile receiver.

2.2.9 Ragen Information Systems e
Ragen Information Systems (3500 Bellaville Turnpikae, North

Arlington, NJ 07032) is best known far the development of

automated storage and retrieval systems for 14nm microfilm o

cartridges. The device can store up to I00 cartridges, each

containing approxinataly 4,000 document images reduced 24x. On

instructions receivaed from an operator or a camputer, the unit
will automatically aelect a desired cartridge, mount it in a ?
viewing mechanism, and advanca the film to display a specified ”ﬂ“;;;;
image on an integral resader scresn. Certain restrictions apply - ._ 1
to film productions 1) each frame must be encoded with image !
count marks (blips)y 2) diazo duplicates are required; and 3J) i '; j
the film length must be 140 fewet and the film thickness must be - ]
2.7 mils. Although Ragen offers a specially designed o i
microfilming station based on Minolta planstary cameras, a | 'i
variety of available caneras are acceptable for document SRR
conversion. Ragen also offers conversion support for microfiche
files through its subsidiary company Morgan Data Caonvarsion. 1
Introduced in the esarly 1970s, the Ragen storage and - 7
retrieval unit is offered as a componant in the Ragen 935, a 5
turnkey computer-assisted retriaval system designed for the
storage of local cartridge files at decentralized workstations. -“'!A-j
Where centralized cartridge storage is desired, the Ragen 1010
{
R
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combines the automated storage and retrieval unit with an image
digitizer which can transmit retrieved images to remote
warkstations. The Ragen 1010 is a complex computer-assisted
retrieval system which includas a unique microimage transmiassion
companent. It is offered in a turnkey configuration which
includes computer hardware and software. Ragen has used both
Prime and Data General minicomputars for this purpose. Document
indexing and retrieval software is also available for computers
of other manufacturers. Specific data managemant capabilities
are typically configured to particular application requirements.
As noted above, a single cartridge storage and retrieval device
can contain up to 1.2 million document images. A single Ragen
1010 system can suppoart up to 128 such devices for a maximum
storage capacity of 150 million pages.

‘Thn storage and retrieval device features an integral
solid-state image digitizer. Operating under computer control,
microimages identified by the document indexing and retriaeval
system are automatically located and positioned for scanning.
Movemant of film from its cartridge storage location to the
scanning position requires a maximum of 14 seconds. The
scanner’s resolution is 2,850 horizontal lines by 1,728 picture
el emants each.

For document retrieval operations, the Ragen 1010 can
support multiple remote workstations connected to the
contralized computer and image transmission system by coaxial

cable or other wideband telecommunication facilities. Each
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workstation includes a conventional alphanumaric video display
terninal which is used for index ssarches and other data
management operations. For the display of transmitted document
images, the HSD-1185 Hard/Soft Display 1s a unique product
developad specifically for use with the Ragen 1010. Using
electrostatac printing technology and a powdered toner, it
reconstructs receivad images as paper documants. When the
documant image is firast printed, the toner is not fused to the
paper, and the document is displayed for examination under a
clear protective cover. To receive a hard copy of the document,
tha workstation operator activates a control button which fuses
the toner and ejects the copy. If the document image doas not
meet the operator’s information requirements, the toner is
arased and the process repaated for any additional document
images. The printer’s resolution is 2,830 lines by 1,728
picturs elaments (nominally, 200 lines per inch), and it can
produce copies up to 8.9 by 14 inches. It can also operate in

an alphanumeric mode as a conventional computer printer.

2.2.10 TERA Corporation

TERA Corporation (2150 Shattuck Avenue, Berkelay, California
94704) is a systen integrator specializing in customized
document storage and retrieval systems, most of which employ
micrographics technology. TERA is a subsidiary of Integrated
Automation (formerly, Teknakron Controls Incorporated), a system

integrator discussed earlier in this section. But while the two
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companies offer similar capabilities, TERA’s primary market is
anergy-related organizaticns and utility companies, for which it
offers a wide ranqge of sarvices other than document reatrieval.

The TERA Automated Recods Management System (ARMS) is a
broad product concept which integrates various modul ar
conponents, including computer-assisted retrieval and microimage
transmission. TERA has certain standard components which it has
utilized with considerable success, but, as a system contractor
rather than a hardware nanufacturer, it can provide a wide ranga
af capabilities and utilizes the components of variocus
manufacturers. TERA is ona of the most successful of system
integrators, having installed microimage transmission systems at
the Nuclear Requlatary Commission, the Federal Energy Regulatory
Commission, McDonnell Douglas Cérporation, Pratt and Whitney
Aircraft, General Electric Drive Systems Enginsering Automation
Group, and the Kingdom of Saudi Arabia.

All TERA configurations are customized for particular
applications. In most cases, microimage transmisaion (s a
component in a large scale computer-assisted retrieval system
which can be developed by the customar or by TERA itself. Where
a turnkey installation is desired, TERA offers itas Records and
Data Management System (RDM8) software which provides online,
multiterninal access to an integrated data basa It has been
implenented on both mainframe and minicomputers. In terms of
microform storage, retrieval, and transmiasion, TERA can

implement systems for microfiche, aperture cards, or roll
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microfilm. Microforms i1dentifiaed through computer-based i1ndex
searches are autonatically retrieved and paositionad fuor scannang
by a gsolid-atate image digitizer. Spacific retriaval components
are acquired from cther companies as required. TERA creates the
hardware and software interfaces required to link these davicaes
to computers and workstations.

For use as a document retrieval workstation in general
businaess applications, TERA offers the Modael IDT-4000 multi-mode
video display terminal. For microimage transmiassion, it can
operate in a graphics display mode at a resolution of 200 by 200
-iIAII par inch. It is also equipped with a character generator
which enables it to function as a conventional alphanumeric
terminal for index sesarches or other data processing operations,
displaying 70 lines of 80 characters each. Tha IDT-4000 can
also coperata in a mixed alphanumeric/graphic mode which permits
the display of a document image plus one line of alphanumeric
data. For engineering applications, the IDT-4020 provides a
large screen for the display of drawings and features zoom
capabilities. Like the IDT-4000, it is capable of alphanumeric
or hix.d mode operation as well as graphic display. Whera hard
copy output is desired, TERA can provide facsimile receivers or

high speed elactrostatic printers.

2.2.11 Terminal Data Corporation
Terminal Data Corporation (21221 Oxnard Street, Woodland

Hills, CA 91347) is best known as a manufacturer of

™ N
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step-and-repeat cameras, especially the DocuMate II high speed
microfilmer which is used in large scale micrographics
conversions by busineas and government agencies. Of
significanca for this discussion, TDC manufactures several
interesting vidao~based information praductsa, including scanners
for paper documents and microforms, high resolution video
display terminals, and automated microfiche storage and
retrieval units. TDC does not offer self-contained
microfacsimile systema. Instead, its products are sold
separately to system integrators and end-usars who arae
developing customizad microfacsimile equipment configurations.
Saveral of the companies discussed in preceding subsections have
utilized TDC products in their systems.

The ImageScan 15-2000 is a solid-state video scanner sold
as a digitizing camera suitable for interfacing with other
eleactronic componants. Like other state of the art digitizers,
it utilizes CCD technology and operates at a resolution of 2,200
lines by 1,728 pictura slements per line (nominally, 200 by 200
lines per inch). Lens are available for use with microforms at
reductions up to 48x. The TDC Video Image Processor VIP-2000
serves as an interface betwesn the video scanner or other video
products and a host computer. It features an integral Intel
8084 microprocessor, a minimum of 154K aof random-access memory,
various interface boards, and a 120 megabyte hard disk which
serves as a buffer for digitized images.

For applications requiring the soft copy display of

As
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t transmitted microimages, the Videomata-2020M terminal features a -
15-inch (diagonally measured) screen in a portrait (vartical)
crientation. The high quality, flicker-frea display offers

rasolution of 2,200 lines by 1,728 pictura alaments (nominally, -
200 by 200 lines per inch), and the tarminal is equipped with

{ 3.8 magabytes of internal memory. Whaere one device will be usad
far both index awarches and the display of transmitted
microimages, the Videconate-2030 terminal can oparate as sither
an high resoluticn image display device cr as a conventional
alphanumeric terminal capabla cf displaying 835 lines of up ta 96
characters each. For computer interaction, it is equipped with

a full alphanumeric keybaard.

For automated microfiche retrieval, the TDC Scrollfile
stores up to 400-feet of uncut 10%nm #i1lm in a special cassette.

When configured with the tha ImageScan 15~2000 or other image

digitizer, individual frames can be automatically located for
scanning and transmission to remote workstations. These
conponents are sold ssparately, howevar, and thair integration : ]

is the responsibility of the system contractor or end user. . @

2.2.12 Versatec . n
Versatec (2710 Walsh Avenue, Santa Clara, CA 95051), is a - 8 4
subsidiary of Xerox Corpaoration which specializes in the
development of elactrostatic plotters and similar printing
devices for snginmering applications. As its name suggestszs, the - @ »

Veraatec Aperture Card Rastaer Input Scanner (ACRIS), introduced

e ndndh
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in 1983, 13 an image digitizer specifically caesigned for usa
with engineering drawing and other graphic documents recorded on
aperture cards. Cardg ara manually inserted in the unit which
operates at a resolution of 200 by 200 lines per inch and can
scan up to 3 cards per minute. 1t accepts either salver or
diazo film stock.

Thae scannar is designed for connection to any of several
Versatec plotters capable of 11, 22, 24, or I4& inch output. For
high speed transmission, these plotters can be connected via
coaxial cable at distances up to 1,000 feaet or by fibar optics
at distances up to 4 miles. Telephone lines are used where
longer distances are involved. Although data compression is
used, transnission will still prove much slawer than it does
with the wideband communication facilities used for shorter
distances. ACRIS is designed exclusively for use with aperture
cards and cannot accept other microforms.

. The ACRIS scanner is also usad in Versatec’s IMPRES 300, a
camputer-aided design system which digitizes microfilmed drawing
images for storage on a magnetic disk from which they can be

modified and routed to a plotter.

2.3 EVALUATION OF AVAILABLE PRODUCTS

Given the fact that more microfacsimile systems and
components are available now than at any previous point in the
history of this product group, the simplest approach to the

TRADOC application would involve the purchase of an existing

FINCIN ..A
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preconfigured praduct or the replication of a system
custom-developed for another application. Unfortunately, none
of the existing microfacsimile systams or available
microfacsimile praoducts meets TRADOC’s requirsment for a
straightfaorward, relatively economical system designed to
tranasmit images from a variety of typas of microforms.
Specifically, available micrafacsimile products and svstem
development activities are i1nappropriate in the following
respacts:

. Unlike regular facsimile aquipment which is
raadily available on a preconfigured basis, it is not
possible to purchase an "aff tha shel$" microfacsimile
system., To a greater or lesser extent, all vendors
customize their systems for particular applications.

b. Most vendors and applications emphasize the
implementation of microfacsimile as one component in a
computer-assisted document storage and retrieval
system. This is most obviously the case with the
Accass 2010 and Infodetics 410, where the an automated
micraform retrieval device is the prinary system
component and microimage transmission is offered as an
optional feature. This broader system scope is also
characteristic of microfacsimile applications
implemented system integrators. In addition to video
scannars, output devices, and related electronics, the

typical microfacsimile equipment configuration includes

i
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computer hardware plus document indexing and retrieval
software. Such a computer-assisted retrieval component
is not required or desired in the TRADOC application.
€. Available microfacsimila subsystems cannot be
readily isolated from their broader system context for
standalone operation. While video scanners, video
display terminals, or other components are sold
separately by such companies as Datacopy, Eikonix, and
Terminal Data Corporation, the purchaser is responsiblae
for the development of the hardware and software
interfaces essential to microimage transmission.

d. Most current system development efforts likewlse
emphasize the transmission of microfilm images from
centralized storage locations to remote workstations
located within the same building or office complex.
Coaxial cable is usad to interconnect thaese components
and parmit high speed transmission. Video display
terminals, high spead printaers and other workstation
components are specifically selacted for compatibility
with particular scanning devices. The TRADOC
application, by way of contraast, requires the long
distance transmission of microform images among the
various TRALINET libraries. Telephone lines or other
narrowband cammunication links must be utilized.

@. While some high speed transmission links and

printing devices might ultimately prove desirable in
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’ high volume installations, many of the TRALINET

libraries are in locations aquipped with ordinary

v

facsimile recaivers which could sarve as aconomical

=

gutput devices ftor occasional printing. Like the

-

standard Group 111 facsimile agquipment manufactured by
various companies, most microfacsimile systems utilize
digital image coding and operate at a resolution of 200
f by 200 lines per inch. Thay do not obsaerve Group 111
telecommunication protoceols, however, and such data
communication interfaces would have to be developaed 1if
local facsimile receivers are to be used as output
devices. Additional interfaces must likewise be
developad i+ communication with Group I and Group I1I
analog facsimile equipment is desiraed.

f. The majority of available systems are designed
for the transmission of one type of microform only.

This is the case, for example, with the Ragen storage

and retrieval unit for roll microfilm, the Access

retrieval unit for microfiche, the Telafiche Image . ®

PRy \

Acquisition Unit, and the Infodetics 410 retrieval

system for aperture cards. While saveral of the systanmn

integrators have developed systems for i1é6mm roll -

microfilm, microfiche, and aparture cards, such a
mixture of microform types is not sncountered in a 1
single application. The TRALINET libraries, haowever, - -

maintain all three of these microform typas plus
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microfilm jackets and I0mm roll microfilm. No axaisting
microfacsimile system‘can accomodate this diversity in
a single sequipment configuration.

g. Most of the available microfacsimile scanners
employ automatic microform loading and frame aselection
for transmission. Thay consequently require microforms
made to rigid specifications. Microfiche must be
produced in one of the NMA standard reductions and
formats, and fiche of different formats cannot be mixed
within a given system. Roll film images must
blip—-ancoded. 0f the fully operational systems
discussed in precading subsections, only the Telefiche
Image Acquisition Unit permits manual microfiche
loading, but reduction and format restrictions still
apply. None of the available microfacsimile systams
can accomodate microfilm jackets with their
characteristically variable image positioning and
spacing. The video scanners manufactured by Datacopy,
Eikonix, and Terminal Data Corporation can be
configured for manual operation with a variety of
microforms, but such devices are s0ld as discrete
components and considaerable custom development is
required to implemant ocperational systems based on
then. |

he In addition to restrictions on microform type,

reduction, and format, some of thae video scanners
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discussad in tha preceding subsectionus will only

oparate with diazo micraforms. Library microfarm

callections typically contain a mixture cf silvaer,

diazo, and vesicular film stocks.
These limitations argue for the custonized development of
amicrofaceimile systen to meet the requiremnents of the TRADOC
application. Issues associated with such customized development

are discussed in the next sections.
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SECTION II1
OUTPUT AND SCANNING CONSIDERATIONS

J.1 OUTPUT ALTERNATIVES
3.1.1 Paper Copias

The microfacsimile systams described in the preceding
s@ction transmit document images to remote locations where thaey

can ba recanstituted in any of three forms: as paper copies, in

microform, or as a video display. This subsection describes _ |
each of these output alternatives and analyzes their advantages »
and disadvantages. e
Facsimile taechnology takes its nama from the paper copies
produced by conventional facsimile receivers. Like their
conventional counterparts, microfacsimile systems have e
historically emphasized paper output, and only recantly have
othaer alternatives been widely considered and utilized. For
library applications in general, and the TRADOC application in . e
particular, paper copies are the preferred output alternative.
Specifically, paper copies offer tha following advantagas:
a. Facsimile printers are a wall aestablished, well . ®
understood product group that offers the broadest
equipment selection options of any of the three
facsimile output alternatives. For low volume - ® 9

applications, ordinary facsimile receivers can be used

48 paper output devices. For higher output volumes,

ot e PO S

high speed slectrostatic printer/plotters are -
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available. Some modals will print onto plain paperg
cthars utilize coated papers.

b. When facsimile receivers are used as printers,
paper copies are the least sxpensive of the thrase
facsimile cutput options. The cost of facsimile
printers has fallen to the point where a digital
receiver with C.C.I.T.T. Group I11I compatibility can be
purchased for less than 95,000,

t. Soma TRALINET libraries are in locations already
equipped with ons or more facsinile receivars and/or
plotters capable of paper output. Assuming that a
satisfactory data coamunications interface can be
developed, this installed squipment base could be usad
for facsimile ocutput, wliminating the need for special
equipment purchases in applications where a low volune
of activity is anticipated.

d. Paper ocutput is compatible with the reception of
a small number of pages. In the casea of microform
output, as discussed beslow, short documents waste ¢ilm
space.

®. Unlike the video output alternative whare an
operator must ba present to inmpact transmitted
document images, paper output is compatible with the
unattended reception of multiple pages for sxamination
at a later time. This capability is especially

relevant for journal articles and similar multipage

—r——
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library documents.

¥, In many cases, the end user prefers paper
documents for familiarity, portability, and ease of
reference without special display equipment. Even

where microform or video display output alternatives

are utilized, readar/printers or facsimile printers are

typically provided for the production of paper copies

of salected document images.
The major disadvantage of paper facsinile is one associated with
paper rescords genarally: uncontrolled, paper documents can
raquire significant storage space and create other records
sanagesent problems. This is unlikely to happen in the TRADOC
application, since transaittad documents will be sent for the
convenience and parsonal use of individual ressarchers and other
l1ibrary clientele. If a library wants a copy of a given
document to add to its permanent collection, it can request a
nicroform duplicate to be sent by mail or other conventional
methodologies. As an additional disadvantage, the printing of
irrelevant document inages wastes supplies. As will be noted
below, the use of video display ocutput permits the examination
of document images prior to printing. Finally, paper printers
typically contain mechanical parts which can result in slow
operation. This is rarely a problem when transmission depends
on telephone linaes, since the telecommunications link is the

most significant constraint on output speed.
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J3.1.2 Microform OQutput

In some applications, documant images transmitted via
microfacsimile are recorded on microfilm or microfiche at the
raceiving location. A COM recordar with raster graphics
capability mservaes as the output device in such applications. As
noted in Section One, the technical faamibility of this approach
to microfacsinile output was demonstrated in the MITS systen
inplanentad by Planning Research Corpoaration for the Bureau of
Naval Personnael. Microform output is also a fmature of the
systen installed by TERA Corporation at the Federal Energy
Regul atory Commission (FERC). It is reportedly planned for the
AMARS systam being implemented by Intagrated Automation at the
Aray Raserve Componants Personnael and Administrative Center.

Compared to conventional pablr copies, micraform output
offers the traditional records managament advantage of saving
space. Document handling is typically simplified at the
recaption point, and supply costs may evan be raduced whare a
high volume of transmission is involved, although detailed study
of particular applications would be required to confirm the
potential for such savings. In most cases, any supply cost
savings would be more than offsat by the significantly higher
cost of microform output aquipment whean compared to paper
printers. An additional potential advantage, cited in the FERC
application, is the ability to rearrange document images and to
convert images from one microforn type to anothar -- that is,

the ability to transmit scattered images from 146mm microfilm for

R PRI §
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ll recording on microfiche as a unit record.

While the advantages noted above nay prove meaningful in
certain applications, some important disadvantages argue against
*. the uae of microforn output in the TRADOC application.

- Specitically,
i 4. The graphics COM recorders required for nicroform
cutput are available from a very limited number of

manufacturers and are very expensive. Manufacturers

include tha 3M Company, Information International, and
Dicomad, typical squipnent configurations are priced at
' $200,000 or higher. This high cost alone should
preclude any furthsr consideration of microform output
in microfacsimile applications whers rscorders would be
required at nultiple sites. While there has beaen some
recant discussion of lower cost raster COM recorders,

prices cited are still in the %40,000 ta $100,000

range.

b. Cost aside, site preparation, operation,
maintenance, and other requiremants for COM recordars - R
are significantly mora complex than for most paper ' R

output devices.

C. While COM devices are typically capable of much —® -
faster image recording than paper output deavices, this
speed advantage is irrelevant in applications where
images will be transmitted over telephone lines or *
other low-speed telecommunication links. J
® 4




Microfacsimile II11-6

d. Available graphic COM recorders produce
conventional silver gelatin 16mm microfilm or
microfiche which require external development, thus
adding worksteps, complaxity, and delays not present in
systens producing pnp,r copies.

®. Once davelopad, microform copias must be viewed
in & reader. In many casas, the snd uvaer will nake
paper copies on a reader/printer. thus daefeating the

purpose of providing microform ocutput.

3.1.3 Video Display Qutput

The use of video display output, while relatively racent, is
characteristic of many nawer microfacuinile systens, especially
those in which microimage transmission is a component within a
broader computer-assisted document storage and retrieval systen.
Unlike the conventional alphanumeric CRT terminals which are
commonplace in computer installations, the videa display devices
used in microfacsinile applications are high-resolution,
graphics CRT terminals. Such devices are described as
“bit-mnapped" because individual areas of the CRT scresen can be
selectively illuminated in a manner corresponding to picture
elenents in a scanned docunent image. High rasolution video
display technology has tnprovcd significantly over the last
saveral years, and attractive devices are available from an
increasingly large number of vendors. Examplas cited in Sectfon

Two include Datacopy, Infodetics, Planning Resmarch Corporation,
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v-f,

F TERA Corporation, and Terminal Data Corporation.

Much of the current popularity of video display output in

. microfacsimile applications is attributable to the widespread
accaptance of paperlass information system concepts. When usad
as the sxclusive microfacsimile ocutput device, videqg diaplays
produce no paper to glut files or cause other records managemant
problems. In many office applications, simple information
requasts can often be satisfied by consulting displayed images.

14 paper copies are required, video displays permit the browsing

and selaction of pagas prior to printing, thereby eliminating
SOME unnecessary papear consumption. For CAR applications,

saveral of the vendors dtlcuilud in Section Two offer multi-node

terminals suitable for both index searching and document . @ 1
display. -

While these advantages can prove significant in applications .~.i ?
whare microfacsimile serves as the document delivery component ;.éi :

for microimages ideantified by a computer-assistad retrieval

system, the video display output alternative has saveral

UV vy

significant limitations. Specifically: . ®
a. Video displays are poorly suitad to library

applications where prolongad examination of multipage

documants are involved. In such applications, the end - @ 1
user is better served by paper copies. As with k
microforms, the end user will often make paper copies

for reference, mailing, or other purposess.

b. Where telsphone lines are usad as the i
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transmission medium, one minute or longer may be
required for the complete display of a single document
image, leaving the usar with little or nothing to do
while tha image is being reconstituted. Video display
output is best suited to applications in which coaxial
cable or other widaband communication links permit high
spead image transmission.

€. As an esconomic constraint, prices of graphics
terninals suitable for document display ~— while
falling steadily — remain high. As an example, the
Datacopy Model 521 video display, mentioned in Section

Two, costs 815,500 exclusive of data communication

interfaces. While many TRALINET libraries are already
equipped with video display terminals for QCLC or
enline bibliographic saarching applications, such
terminals are alphanumeric devices designed for

computer ganerated data rather than document display.

Special high resolution video displays would have to be
purchasad for sach site. : ¢
3.2 MICROIMAGE SCANNING
3.2.1 Scanner Type - &
A microfacsimile scanner is a microdansitometer which ]
operates according to raster scanning principles. The scanner
)
divides the microinage into a grid of very small areas called T ]
picture elements or pixels, sach of which are analyzed for thair
]
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light reflectance propertiss. The scanner’s output is an
electrical signal which reflects the varying light reflactance
values of successively sncountered pixels. This mignal is
typically faed to processing circuitry which may enhance or
comprass it prior to transmission. The design of microfacsimile
systems requires attention to the scannar type, its oparating
resolution, and the pixel encoding method utilized.

Various types of scanners have been proposed and/or actually
utilized in microfacsinile systema. OQlder equipment
configurations typically utilized conventional television
cameras asquipped with relatively expansive image orthicon or
with less sxpensive vidicon tubes. Thase cameras pernit rapid
image scanning as well as zoom capabilities which can prove
usaful in engineering applications. On the negative side,
television cameras typically cperate at low resolution. While
models offering up to 1200 scan lines per document image are
available, such resolution will typically prove too low for many
office documents. As will be discussed later in this
subsection, it is likewise inappropriate for the small typefaces
characteristic of many library documents. In addition,
television cameras are vulnerable to burning, blooming, poor
linearity, and other image distortions. Because they utilize
tubes, they can prove bulky and require high voltage power
supplies.

Among othaer approachas proposed for microfacsimile scanning,

flying spot CRT scanners utilize an electron beam which

'
|
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traverses an antire image from the top left to the lower right
corner, illuminating succassive pixaels. The intensaty of
reflectad light is measured by a photosensor. This approach is
entirely mslectronic and permits very fast scanning, but it is
too expensive for widespread use. Flying spot laser beam
scanners may use mirrors or non—-mechanical acoustical/optical
techniques to illuminate successive pixals. This approach ofers
high resolution capabilities, but high cost and slow scanning
speaeds make it impractical.

Charge-coupled device (CCD) scannars are now being used in
nost newer microfacsinmile squipment configurations. Developed
by Bell Laboratories, CCD scanners are solid state devices which
consist of a linear array of light sensitive elements. The
array correspands ta ane harizontal scan line, and it typically
consists of one light sensitive element for smach pixel in the
microimage. The array traverses the microimaga during scanning.
Al though machanical movement is required, CCD scanners offer
significant advantages which account for their current
dominance. Thay are relatively inexpensive. As discussed later
in this subsection, they offer high resolution and are generally
free of the image distortions associated with conventional
television cameras. Because they are composad of integrated
circuits, CCD scanners are very compact and offer the long
service life customarily associated with solid state devices.

Among the vendors discussed in Section Two, Eikonix utilizes

a solid-state, linear, photodiode array as an alternative to a
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CCD scannar.

J.2.2 Resolution
Regardless of tha scanner type, rasalution is an expression
of the potential for image quality in terms of the depth of
scanning in a given linear dimension of the subject copy.
Facsimile resolution is typically expressed in lines or pixals
per inch or -— outside of the United States -~ per millimeter,
and it is measured both horizontally and vertically. -
Alternatively, horizontal rescolution may be expressad gn terms
of the number of scan lins and vertical resolution in terms of

the number of pixaels per line. With solid state scanners, e

resolution is typically expressed in terms of the number of
photosensitive elements in a linear array. If the array
rapresents a horizontal scan line, then the number of

photosansitive slemants indicates the vertical resolution. For

letter size documents, a Si2-element array provides the
equivalent of 60 vertical lines per inch, a 1024-alament array ®
- provides the equivalent of 200 vertical lines per inch, a ‘
2048-element array provides the equivalent of 240 vertical lines
per inch, and a 2350-element array provides tha equivalent of e )
300 vertical linem per inch. Horizaontal resolution is :
determinad by the array movement pattern, but is typically equal i
to the vertical resolution. e j
Through the mid-1970s, facsimile scanners for paper 4
documents typically operated at an approximate resolution of 100 f
*
}
e e . . N e _;




"

e

Microfacsimile 111I-12

by 100 lines per i1nch. While such resolution will generally
prove satisfactory for most tvypawritten office documents where
mere legibility is required, it is unacceptable for journal
articles and other library documents which may contain
footnotes, captions, or other text set in small typefaces.
Three decades of axperience with facsimile equipment indicates
that a resolution of 200 by 200 lines per inch produces highly
lagible output from a very broad range of office documents and
is acceptable for the legible transmission of most library
materials. Such resolution is typically provided by the
majarity of currently available microfacsimile scanners. Where
higher output quality is dasired, soma vendors offer resolution
of 300 by 300 lines par inch and such higher resolutions are
planned for the CCITT Group IV facsimile devices which are
currently under development by a number of manufacturers. While
the resulting facsimile images approach the quality of original
documents, it should be noted that any increase in resolution
will correspondingly increase transmission time and cost whare

ordinary telephona lines are used as the communication link.

3.2.3 Pixel Encoding

Regardless of resolution, the microfacsimile scanner
generates a continuously varying analog signal which represents
the light reflectance values of successive pix‘ls. While soma
older microfacsimile systems transmitted the scanner’s analog

signall directly, newer systems convert it to digital form prior

_— L'II“
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' to transmission. Such analog-to-digital conversion parmits the ¢
application of redundancy reduction and othaer data compression
tachniques which can gsignificantly reduce transmiasion times. 3 B

P Digital pixel encoding is the only practical approach in ¢

‘ microfacsimile systems where high resolution 1s desired and ]

f ordinary telephone lines will be used for transmission. In the

absence of data compression, the transmission of document images

scannad at 200 by 200 lines per inch could require as long as 23

minutes per letter size page.

Digital pixel encoding is based on a thragsholding technique

in which pixels which generate scanner outputs above a

pradetermined level are encodad by a "0” bit as white and thosa

with outputs below that level ars sncodad by a "i{" bit as black.

While the scanner’s analog signal may have reflectad grayscale

variations in the original microimage, this approach tao digital

encoding results in the elimination of tonal gradaticons. While
it is suitable for the transmismsion of text and line drawings,
it cannot accomodate the continuous tone illustrations
sncountered in some library materials. This limitation can be
overcome by utilizing more than one bit to sncode each pixel.

Thus, a system which provides 4 bits per pixel can encode up to

146 shades of gray, while a system which provides 8 bits per | )

pixel can encode up to 2546 shades of gqray. Such systems are

adequate for the useful raepresentation of the photographs or
other artwork encountered in the majority of library materials.

As potentially significant constraints, however, aulti-bit

_ .4 - A ma
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cading schemas are more complex than thaeir single-bit
counterparts, and, because they generate much more data, they
will gsignificantly increase the transmission time per documant
image. The higher costs associated with such systems must be
weighed against any benefits to be darived from the transmiasion

of continuous tone illustrations.

L imemx A e a4 A
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SECTION 1V
EQUIPMENT DEVELOPMENT RECOMMENDATIONS

4.1 CUSTOMIZED MICROFACSIMILE SCANNER
4.1.1 Recommanded General Characteristics

As previously discussed in Section Two, nona of the
currently available microfacsimile systems or components meet
the TRADOC’s requirement for a straightforward, relativelv
inexpensive microimage transmission device to be usad in the
TRALINET application. Simple microimage transmitters have besen
propogsed for commercial development in the past. but no sucnh
devices are currently available. The current activities of
equipment manufacturers and svystem integrators emphasize large,
camplax equipmant configurations in which microfacsimile is
marely one componant in a sophisticated and expensive automated
document storage and retrieval systam. While several of the
companiaes discussed in Saction Two offer components which might
be usad in a straightforward microfacsimile equipment
configuration, considerable development work is required to
combine such components in an effective microimage transmission
system.

If TRADQC is to inplement a microfacsimile system for the
TRALINET libraries, customized squipment development will ba
required. The most straightforward and varsatile approach
involves the development of a microimage scannar/transmitter

which will function in a manner similar to ordinary facsimile

e,
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_ transmitters for paper documents but which will accept microform
rather than paper input. The scanner will be daesigned to
f facilitate resource sharing among TRALINET libraries and must
r conseguently offer cap&bilitics suitable for the transmission of
typical library microforms as cutlined below. In meeting the
rather stringent requiramants of library applications, it should
also prove useful for office documents. The scanner will have
the following genaral characteristics:
A, Within the various TRALINET libraries, the
microform materials to be transmitted will be

identified and located through the library catalog or

other bibliographic aids. A complex and expensive
computer~assisted retriaval subsystem —-— a
characteristic component of many of the existing
microfacsimile systems described in Section Two ~- is
neither required nor desired.

b. Materials to be transmitted will be manually
removed from their storage locations and carried to the
nicrofacsimile scanner for manual insertion. AN
automated microforn storage and retrieval unit is
neither required nor desired.

€. Like conventional facsimile transmitters. the
microfacsimile scanner must be designed for ease of
operation by clerical personnal,

d. The scanner’s output signal muast be suitable for

transmission over aordinary voice-grade telephone lines
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using the public switched telephona network.

@. The intended receiver will be a conventional
facsimnile printer, the nature of which will be
discussed below., The use of conventional facsimile
receivers will eliminate the need for additional
customized equipment development. In addition, as
praviously noted, such squipment is now installed at

many TRALINET locations.

4.1.2 Recommended Operating Specifications
The proposed custom-developed microimage scanner will have
the following operating specifications:

a,. Microforns accepted: 24x microfiche requiredg
other microfiche, microfilm jackets, and i14mm roll
microfilm created at nominal 20-30x reductions optiaonal
{see discussion in following sections). 2. Input
method: manual microform insertion and manual image
positioning prior to scanning.

b. Resolution: nominal 200 lines per inch, both
horizontal and vertical, for fine detail; nominal 200
(horizontal) by 100 (vertical) lines per inch optional
Capability (see discussion in following sections).

c. Coding method: digital.

d. Transmission protocol: CCITT Group 3
compatibility (see discuassion in follawing sections).

@. Data compression methodology: modified Huffmang

. PP VU S SR Y i, PR ORI ™
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modified READ optional.

f. Modem speed: 94600 bps with automatic fall-back to
7200, 4B00, or 2400 bps as specified in CCITT
recommendationas V.27 TER and V.29.

g. Receiver: anv CCITT Group I facsimile receiver

h. QOperating anvironment: nominally, &40 to 95

degraes farenhaeit; 10 to 954 relative humidity

4.1.2 Cost Estimate
The estimated cost to develop & demonstration microimage
gcanner with the general and operating characterigstics outlined

above will range from $100,000 to $300,000, depending on the

variety of microforms to be accomodated. A system for 24x , :

microfiche would be the simplest and lesast expensive to

} implement, followed by a system which combines fiche, iémm roll '
b l: film, and microfilm jackets. The most expensive approach would : :
o involve combinations of these microforms with 3I5mm roll

microfilm and aperture cards. As discussed in the following

E - sectian, the development of a demonstration system for such a —

wide variety of microforms is not recommended.

Companies which have demonstrated an interest in, and
capabilities appropriate to, tha development of a demonstration -]
microimage scanner suitable for the TRADOC application include ]
(in alphabetical aorder): Eikonix Corporation (2 Craosby Drive,
Bedford, Massachusetts 01730), contact -- Fred Sheldons FRC - ‘f

Government Information Systems (1500 Planning Research Driva,

- s e ad
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I_ ‘ McLean, VA 22102), contact == Walter Smith; Talemechanics,
Incorporated (135 Rome Street, Farmingdale, NY 1173%5), contact

o -- GeorqQe Nagrodsky: and TERA Corporation (7101 Wisconsin

i . Avenua, Bethesda, MD 20814), contact =- Linda Raeder. Terminal

- Data Corporation (21221 Oxnard Street. Woodland Hills. CA 913467)
does not undertake such development work but will provide names

h ot engineaering consultants who are compatent to develap such

equipment confiqurations using TDC components.

4.2 DISCUSSION
4.2.1 Microforms Accaptad

Libraries typically purchase or otharwise acquire microforms

from micropublishers or other external sources. Compared to
ordinary government and business applications, library microform
collections are characterized by a greater diversity of
microform types. While the majority of a givan collection may T
consist of microfiche and 146mm roll microftilm, 3I%mm roll | ;
micraofilm, apertwe cards, and microfilm jackets are also
encountered. These microforns may be madae from both source
documents or computer output. As a further complication, a

given microform type may feature diffcrcﬁt reductions and image

formats. Thus, for example, microfiche files may include the
24x, 98-~page, NMA Type-1 format; the older 20x, &0-page, NMA

Type-2 (COUSATI1) format; and the 48x, 270-page, NMA Type-7 COM

format. Roll microforms may likewise vary in reduction, frame

size, and image spacing.
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Any attampt to encompass all types of library microforms in
& microfacsimile demonstration project will significantly
incrsase the complexity and cost of scanner davalopment without
a corresponding increase in benefits. Inatead, the preferred
approach is to concentrate on the most common microform types,
assuming that the remaining items conastitute a small portion of
the collection and will consaquently play little role in
interlibraryvy loan requests. Given its widespread utilization by
both micropublishers and in-housa microform production
operations, the 24x, 98-page, NMA Typa-1 microfiche format
should be Qiven first priority. Tha vast majority of
micropublishad technical reports, s-riill, and othar materials
are available in that format. Micropublications produced by the
National Technical Information Servica, Government Printing
Office, and other governmant publishing operations utilize it
sxclusively. Future collection davelopment efforts could be
directed toward the NMA Typa-1 microfiche format, so that a
progressively larger paortion of library micr-oforms would consist
af that format.

WNith a relatively small additional design effort, a manual
input scanner intended for NMA Type-~{ microfiche could bhe .
configured for 24x 1b6mm roll microfilm or for microfilm jackets
made from 16mm film strips. An appropriate manual method of
image powmitioning, comparable to that employed by microform
readers or similar devices, would have to be provided. It is

unlikely that the sane scanner could operate effectively with
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Iumm microfilm rolls or aperture cardas, but such microforms are
presunably of less importance in library resource sharing. The
extra expense asscociated with the development of a scanner for

such microforms is of questiconable justification.

4.2.2 Resolution

Unlike ordinary offica docunents which are typicallv created
by typewriters and ars of relatively uniform qualitvy and
appearanca, library materials varv considarably {n typography
and can include footnotes, captions., and other anfarmation set
in rather small tvpefaces. In addition. library microforns are
typically procured from a variety of sources and may be of
highly variable image quality. Consaquently, a conssrvative
approach to resolution is required. While lower resalutions may
provide lagibility for many nicrofilmed documents, a minimum
resolution of 200 by 200 lines per inch is recommended for best
raeasults from the broad spectrum of microform materials. Wherae
high quality microimages made from typewritten documents are
involved, an optional additional resoclution of 200 (horizontal)
by 100 (vertical) lines per inch will typically provide adequate

legibility while speeding transmission.

4.2.3 Communication Speed
4.2.3.1 Background
As noted above, the simplest approach to the development of

a microimage transmission system involves the use of

o e o
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conventional facsimile receivers as output devices. OQOperating
in much the manner of an ordinary faczinile transmitter, the
proposed microfilnm scanner will transmit microform images over
telephone lines to a ramote facsimile receiver where thay will
be reconstructed as paper enlargements. As nated in a preceding
section, some TRALINET libraries ara in laocations alraady
aquipped with facsinile recaeivers. and the rapidly declining
cost of such devices would permit their procurement for those
libraries requiring an on-site machine.

The implementation of such a seemingly #imple system 1s
complicated, however, by the variety of caommunication protocols
and transnission apaeds utilized by installed facsimile
receivers. From the 1960s through the mid 1970s, the most
widely utilized facsimile machines were analog devices which
utilized frequency modulation techniques to tranmit a letter
size document in & minutes at a nominal resolution of 94 by 946
lines per inch. Such devices -— many of which remain in use --
ware sold by Xerox, 3M, Graphic Sciences (now Burroughs
Corporation), Exxon, Muirhead, 3tewart Warner, Alden, and other
companies. In the absence of industry standards, most vendors
offered compatibility with the large installed base of Xerox
equipment which served as a de facto standard. The majority of
these machinas could also transmit a letter size document in 4
minutes with degraded resolution, but the machines of different
vendors ware not compatible in the 4-minute moda. OGraphic

Sciences also offered analog facsimile equipment which used
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amplitude modulation techniques to transmit a letter size o
dacument in I minutes at a nominal resolution of 88 by 88 linas

per inch, ar in 2 minutes with degraded resolution. Qther

vendors of analog facsimile equipment likewise employed L4
proprietary techniquea to increase transmission speed to 2

minutes or even 1 minute, but -- being incompatible with the

majority of installed devices -— such products enjoyed little L
market acceptance. In the mid 1970s, Rapifax, Dacom,
Electronics Associates Incorporated (EAIY), 3M, and Graphic
Sciences introduced digital facsimile machines capable of
transmitting a letter size document in as little as 20 seconds
at resolutions as high as 200 by 200 lines per inch. The
digital machines of differant manufacturers wara inconpatible
with one another, and all available digital models were
fncompatible with analog devices.

In the late 19708, the Consultative Committee on
International Talaphony and Telegraphy (CCITT) announced
facsimile standards daesigned to s1iminate futu-e problams
arising from the incompatibility of equipment of different
manufacturers. These standards currently dominate the design of
facsinile equipment, and, while non~-standard facsimile receivers
remain available, their use in any proposed microfacsimile
squipment configuration cannot be recommendad.

Briefly, CCITT standards recognize three broad groups of
facsinile equipment:

a. 6roup I consists of older analog devices capable
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‘ of transmitting a letter size document in & minutes. o
b. Group 11 consists of nawer analog devices capable
of transmitting a letter size daocument in 3 minutes.
C. Group 111 consists of digital devices which
utilize data compression to trangsmit a letter size ;
document in ona minute or less. _j
Technically, receivers from any of thase three product groups 1
might be used as the output device in a custom developed

microfacsinila system. As requested in the TRADOC statement of

-

wark, the following subsactions consider tha advisability of
subninute, 3I-minute, and 4-minute transmission capability,

presenting the arguments for and against sach mode.

e e,

-

4.2.3.2 Subminute Transmission
As noted above, C.C.I1.T.T. Group 111 facsimile systems ) 3
consist of digital machines designed for asubminute opaeration.

Depending on the particular data compression technique utilized, 1

Group 111 machines can transmit a letter aize daocument in less
than 30 seconds. Such machinas, the majority of which are
manufactured in Japan or France, are sold in the United States
by such companies as Rapicom, Panafax, NEC, Canon, 3M, Xerox, :
Burroughs, Exxon, and Pitnay Bowaes. Group 111 machines are the

current focus of industry interest and reprasent the

overwhelming best choice as the receiver compaonent in a

microfacsimile system. Specifically, Group III machines offer

the following advantages:
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a. All major facsamile equipment manufacturars offaer
at least one Group 11I machine. and the number of
available models is likely to increase in the coming
years.

b. As previously noted in Section Thrae, retail
pricas for some GBroup 1I1 machines have fallan below
$5,000 and further price reductions are likely as sales
volume increasas.

c. Group II1 machinas offer tha 200 by 200 line par
inch resolution that is essential for the legible
transmission of a broad range of library microforms.

It should also be noted that most of the commercially
available microimage scanners described in Section Two
also operate at 200 by 200 lines par inch, but such
devices do naot observe Group 11 communication
protocols. They can, however, sarve as components in a
custom developaed microfacsimile equipment
configuration.

d. Where the public switched network is used, high
speed transmission can lead to reduced
telecommunications costs in high volume applications.

Q. High spaad transmission is more convenient for
the multipage transactions typical of library
applications.

$. The digital coding technigques utilized by Group

111 machines are compatible with computer systems and

SAPO TS ¥
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with likely future development in optical disk

tachnaology, allowing a device developed for facsimile

trangmisgion to later bs used for other purposes.
On tha negative sida, Group 11l equipment prices, while falling
steadily, remain higher than those for analog Group 1 ana Group
11 machines. As noted above, however, telecommunication costs
will typically prove lower 1n high volume applications. As a
further limitation, Group I1I machines utilize digital coding
techniquas which are inappropriate for photographs or continuous
tone illustrations. As discussed in Section Three, multibit
digital coding techniques can be used to transmit photographs,
but such techniques fall outside the scope of the CCITT Group
111 standard.

4.2.3.3 3JI-Minute Transmission

As previously noted, Group 1I mnachines utilize analog
encoding to transmit a letter size document in I minutes. Most
Group I1 models also support 2-minute transmission with degraded
resalution, but the 2-minute mode is not coversd by the CCITT
Group Il standard. Group 1l equipment 1s raasonably priced,
readily available from a large number of vendoras, and widely
installed. Because it uses analog encoding, it is suitable for
the transaission of photographs.

But despite these advantages, sevaral significant
linitations argue against serious considaration of the Group 1I

communication protocol for microimage transmission:

~
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‘ a. Group 1l standards provide for a rasolution of
100 by 100 linas par inch. Such resolution is
unsuitable for the broad range of library materials.
Because analag machines do not utilize data conpression
techniques, any attempt to increase resolution will
correspondingly increase transmission. Thus, an analog
machine like the NEC Nafax System II-D cffars
resclution of 152 by 148 linas par inch but requires S
minutes to transmit a letter size page. As a further
constraint, such snhanced resclution is beyond the
scope of thae Group 1] standard.

b, While 3-minute transmission is acceptable for
single page transactions, it requires inconveniently
long transaction times for journal articles, technical

raports, and othar multipage documents. Thus a 10 page

article would require 30 minutes of transmission time,

and transmission of an sntire 98-page fiche would

require 5 hours.
€. While Group 1I machines are widely available now, -9 ;
the future viability of this product group is
qucstionab}c. The majority of ressarch and devel opment
work is being directed to digital Group 111 machines 3' 1
and the smarging Group IV machines which will use h
wideband communication facilities for very high speed
digital transmission. As prices of Group 111 machines -® 4

continue to fall, Group II products will lose market )
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share.

4.2.3.4 64-Minute Transmission

Even considering the very low cost of &-minuta analog
facnimile receivers and their installation at many sites, the
development of a microfacsimile system compatible with &-minute
transmission cannot be recommended. Reprasenting the image
transmission technologias of tha 19408, é-minute machines offer
linited resolution (94 by 94 lines per inch) and require
excessively long transaction times for multipage documenta. Tha
installed equipment base remaina sizeable but is dwindling. No
new &~minute machines are being manufactured, and no vendors are
actively marketing them. There ia no further technical

development within this product group.
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(2) Libraries and technical information centers are storing
increasingly large amounts of information_ in microform. In the
process, they have generated a tremendous problem in delivering
documents to the end user. When needed research documents are
available in microform, no rapid transmission of the information
contained in them is possible. Mailing microforms is too slow a
method to meet information needs of today's researcher. Some form
of telefacsmile transmission of microform is needed.

(3) There is no machine currently available which can cost
effectively transmit microforms electronically. —Pilanming——Research—

installation at a cost of approximately $500,000;
serious loss of resolution, to the poi
standard typing would be lost.
microforms transmission
Kodak is working
development £

¥ also report
at any print smaller than
; Xerox, and Exxon do not have a

] ce and report no plans to produce one.
e, but expects to see no commercial

at least five years, and then only at high cost. The

(4) Although development of this capability would be of
immediate value to the Army and DoD R&D community, it would quickly

i 1so. The use of
ful to non-government agencles a-.S ;
Ei:iﬁio:zi :etrieval devices and large b1b11ograph1? datgbasesnzis
;reatly widened the bibliographic horizons of all libraries. '

identifying a needed piece of information is only the first step; A

researcher must also obtain the full textlof E@a; 22§2::a2;°2;ticles
. - : sist in locatin
Libraries and library networks assis hold huge

imilar repositories _

d orts: DTIC, NTIS, and siml ; i i

azanzizies ;f docamentation. The physlcalidellvery of a c:gzngi this
3ocumentation is the link in the chain which needs streng g-

fphe—effore. The study is designed to tell she-

-8 bh,v;::.vca L L2 2 4= CTrRLUL . e A end
Jomy what the current state of the technology 1s, and tg recommn

directions for future resegrch and deYelo?me?E.
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